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Abstract

The MicroBooNE experiment is searching for an excess of electron-like events at low neutrino energy, as well

as making the first high-statistics measurements

of neutrino interactions on argon. Interpretation of these results

requires a reliable model of neutrino interaction physics with well-motivated uncertainties. This note describes
the neutrino interaction model and uncertainties adopted for use in MicroBooNE’s cross section measurements

and low-energy excess search.
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1 Overview

A fundamental challenge in MicroBooNE [1] | and the low-energy excess (LEE) search in particular | is the lack

of direct experimental constraints on low-energy neutrino interactions with argon nuclei. It is important to note
that any \excess" must be de ned relative to what is known about neutrino interactions, including uncertainties.
Data from T2K and MiniBooNE are valuable because the beam energy is similar, but their measurements are
on a carbon target, and we must still rely on models to extrapolate predictions to argon. Although the cross
section uncertainties currently implemented for the default GENIE model set are around 20% for -Ar scattering

at E 200 MeV, this is not necessarily representative of our lack of knowledge in the extrapolation of models
from higher energies and other targets. Figure 1 (left) summarizes existing neutrino charged-current inclusive
and  cross section measurements, overlaid with predictions according to a speci ¢ model. This includes a single
data point (in red) from MicroBooNE's CC-inclusive measurement [2] [3].

(@ and CC inclusive total cross section measurements (b) MiniBooNE CCO  di erential cross sec-
tion
Figure 1: LEFT: and CC inclusive total cross section measurements, with the GENIE v2.12.2 prediction

overlaid (note that this is not the GENIE prediction we now use in MicroBooNE: current analyses use GENIE
v3.0.6 G1810a02 11a) and MicroBooNE measurement shown in red (Figure from [2]). RIGHT: MiniBooNE CCO
di erential cross section for muon kinetic energyT at a forward angle compared with GENIE v2 and v3 simulations.

Recent theoretical work as well as detailed experimental measurements from, e.g., MINERVA and T2K [4, 5, 6, 7,
8, 9, 10] have informed further development of neutrino interaction models in the modern event generator packages
used at accelerator energies (GENIE [11], GiBUU [12], NEUT [13], and NuWro [14]). The GENIE models [15]
described in this note have been previously validated against bubble chamber experiments (many targets), and
recent CCO cross section data from MiniBooNE [16]. An example of the MiniBooNE di erential cross section is
given in Fig. 1b together with predictions from versions 2 and 3 of GENIE (see Sect. 2.2 for more detail about the
di erences between these two GENIE model sets). It is important to note that MicroBooNE has adopted the new
GENIE nuclear/QE/MEC models [17] that are more suitable for low neutrino energy experiments. This provides
an excellent basis for a more complete t. The cross section models, parameter central values, and (correlated)
uncertainties must be chosen based on our best understanding of the available scattering data. In cases where cross
sections are poorly constrained in our kinematic regions of interest, we can choose to assess theoretically-motivated
uncertainties that we believe provide su cient coverage.

This document introduces the neutrino interaction models, parameter central values, and systematic uncer-
tainties used in the con guration of GENIE (v3.0.6 G18_10a02 11a) adopted by MicroBooNE for the analyses
presented at Neutrino2020. The exact way the cross-section model (and uncertainties) impacts an analysis will
depend on the analysis itself. In general, cross-section measurements use simulation to estimate the e ciency
and distribution of backgrounds in a selected event sample. The background events are then subtracted from the
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